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It *i# (-fr s ^*# : METHOD OF FORMING CONTACTS FOR MEMORY DEVICE) 



A method of forming contacts for a memory 
device. A PI ur ality of gate structures is formed 
over the memory array region and the peripheral 
circuit region of a substrate. A first insulating 
layer is formed between the gate structures. A 
second insulating layer is formed on the gate 
■structures- and the first insulating layer. 
Thereafter, the first and second insulating layers 
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202 - f b b b ^ f ; 
- 204~^yS^>fb/f; 
20 5- M & ; 

2 o 6 ~ m m ±. %. M ; - 
20 8- m m m m m ; 

2 0 9 ~ ffl & *# & ; 

21 1 - ® #j % - m m. % ; 
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22 3- to & # J$ $ ;■ 
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^ > ^X*«W«S# : METHOD OF FORMING CONTACTS FOR MEMORY DEVICE) 

are etched using the gate capping layer, the gate 
spacer, and the substrate as stop layers to form a 
contact to bit line on the memory array region and 
form a con t. a ct to substrate and a contact to gate 
on the peripheral circuit region. Next, protective 
spacers are respectively formed over the side wall 
of each contact. The gate capping layer under the 
contact to gate is etched using the protective 
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spacer as a stop layer 
Finally, the protectiv 



OF FORMING CONTACTS FOR MEMORY DEVICE) 

to expose the gate, 
e spacers are removed. 
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2. - &WifL*ft (1)' 

[ # Hfl ^ 4 ^ 41 ^ ] 

# ^- % % M - ft. & ffi M z- ft & * * ' # #J * * M 

[ $t M %L M ] 

FA 3* € Sfr #J 7t # X. -t $c *4b it 3t # S. # ^ do > 

is] II £ * z- H # *f ^ «■ £ * 3= # #j f* ^ m ' m *t % -ft £ 

g a, *h ^ (self -aligned ) j&L i- # 3fr & • ffi a & & tg # 4i 

H 6ti ^ ffib if ^ it # #J ^ # fit ° 

7 it - # a* # * # B £ t * ' ttTK^jpl a f-J Id ffi] 

t?L # & t£ 'It- «. £ & « f ^ '* . • 1T ■ * ' tf as g 

4 ^ « 7t # ' #1 *» *, f It ( MOS ) t B a a 41 - t S • 
i& jtb 4 & T p4 4b El & ' ^j^^F-^^&^IOO^tt:^- ^ 
fa 1 0 0 ^- % — 'It F#- ?'J @fc ( m e mo r y array region) 1 0 A — 
^ it t| ;3& H. (peripheral circuit region) 20 » 

. # ^ ' ^'tii ^?'J 110 i| f 120 Ji ^ ^ t t 

M -4£ mi 0 9 ° * t ' FfUlM^lO^^t - ffl fe1>f I 
( ^ If 7F ) * - ffl ^ 1 0 4 - .- ■ W _L jl >f 1 0 6 * - ffl & M 
BR & 1 0 8 ° it 4 ' ffl t # #'J ^ • & ft -fb * «f ^ & *L #L 

^ ^ ^ ; m m i o 4 * a H a ^ ^ t ^ ; ffiiiin o 6 ^ w 

Pel S 1 0 8 #, * IL -fb ^ m t ^ 6 

5 -fe it * W ^ * 1 0 9 Jl ^ ffi — *B J- 1 1 o > m 
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5. *'&W1SL*fl (2) 

■ka m *ft aat (borophosphsilicate glass, BPSG) » it 

* X M ^ l# #109.4: Bfl4L£l$a^^'-fl^^t-* 

(inter layer dielectric, ILD) *S *fc 1 1 0 

_L ^ . £ H - ^ Pa 1 1 4 ' it # - & ^ a '/f ' a & Pa 

^ 1 1 4 t ^ ^ t t Fffl o 1 1 7 - 1 1 9 -121flo*dJ*BAfc-fllO - 

# T & ' tf m % 1 b ffl ' & & it Pa M 1 1 4 # % -?- ^ ' 
in. a ffl X j£ >§ 1 0 6 - ffl fa ffl m H 1 0 8 > A & j£ 1 0 0 ^ Jb .If 
jL Jf » £k $J ft| a 1 1 7 -119 > 1 2 1 T 2T ^ Kg, *fc A 1 1 0 • • a ^ it 
■It If- ?'J EL 1 0 ^ j& -fit ft & A3 $ ( contact' to bit line, C B 
■)'l23flo*dJ&^100iLWfeWBK®l-0 8^.S ' J- l§] a£ ^ ^ 
i£-f;sg-(&20^"/&^,&#$j® (contact to substrate, C s 
)12 7JLW^^«.S (contact to g a t e , . C G ) ; 1 2 5 ft ^ M M 

# T ^ ' tf # as |lc fl ' * P& & Pa # 114 ^ & ' # 
^ sg, ifc M 1 1 0 _L # £ € - it Pa 128 ' it * A to «5 f 
12 3 - & ^ #■ 'ffi 1 1 2 7 & ffl ^ #• « f 1 2 5 ° # * ' - «t 
^ jg. # a P£ >£sl ^ ffl & ^ f 1 2 5 t #j it Pa >f 1 2 8 ° 

# ^ ' tf #- as | l d §\ , ffl & pj. # 1 2 8 ^ & * Jt ' 
£k £| fVM£ t fll 1125 T 2r ffl * -L X % 1 0 8 .' ft * .4 * T 
2r ffl & 1 0 4 ' a t-i W ftft* f 125^1^ ° ^ ' * P£ 
it Pa % 1 2 8 - 

mm ' -t i& 2r * t ' T Si t TttI f 1 23 t 

m m m jl s. m i o 6 a w & r-i p^ s 1 o 8 ^ ^ i-j m & ^ «s 1 1 2 5 

T ^ M _L jg. ^ 1 0 8 m ffl & M ft ' ft ^ IS it ^ 
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_L i& ffl m & ^ t ' ffl & % & & - & M 4b J§ ' ffl ^ _L 
£ A Ffl ^ Ri] I* ® 4& & a 4b ^ #r * /& - ' £ - *B *fc * 4fc ^ «! 
^ ^ 35fc 31 ' J- $ ~ IS *jt >f 4& * £ £ ^ St. ft ( t e t r a e t h y 1 
o.rthos i 1 icate/ T.EOS ) 0f fi* 4l #L 4b vf ° 

# * ' 4$ t£ Pal m m. i% — M H 4b «c > -§- ^ & 8 0 . S»J 
2 0 0 IE m ° % *b ' H * Si & ft 4b" A a ^ m. (SPM ) 

m & f£ ai p* ® ° 

#1 * CH 3 F ' - 0 2 * CO ffc * ft *£ a It « ik *J ffl « _t 



^7 t& «■ ^ ^ _L idt i # - 4£ & ft ft Jfe H a £ II Ir 'It 
T X 4# * & 4£ * 3fe #'J ' ii ie, ^ #t Ptt M £ > ft n to ft m -k° 
T ■ 



[ If 

(dy 



ft * 
d30 



fa 3" & 1 

a T se. 4-.~%2a 5-1 2g ffl tfc S3 4^ # a £ 1f ^ ^ # 35 f 4l ff> 

' it ffi ^ - t£ -ft It £ > 4*J ^, H P4 ^ # ie, -It li 
namic random access memory, DRAM ) 
if & - n #- S?. % 2a ffl ' M 4& - * 4£ 2 0 0 > #-J - g a 
£- t ^ ^ * 4* 4^r *& 'It^-Xm-^^-f^ttTt '. iN 
^ It CMOS) € a B a «t - € # ° ^ i& itb 4 & T US -4b ffl 
4t^-f-^^&^200*7F4^ o ^ ^ 2 0 0 * # - f & -It P+ n 
Sl — M ^s^H.4 0 » 

# ^ ' ii t ^ %l m & *l tt ^ n n 3 o ^ ^ it t. si- d 4 o 

^ ic^L*:M«^*2 09 « % t ' W * **2 0 9 ^ ^ # - 
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2. - -«mafl-(5) — ■■ 

ffl t yf ( ^ t 7F ) - — M ft 2 0 5 - - M & _L £ M 2 0 6 > 

A. - M & W BR ® 2 0 8 - it & ' ffl ft % M "*T u A. H m £v ft 

4b & m i& &4t & ft ; « ^2 o 5 «r ^ - # a a a ^ # 2 0 2 #t 

m & A A & - 41 a B a 4* 2 0 2 it - 41 ^ 4b 4* 2 0 4 m # > 

* f ^ t ' M ^ 2 0 5 * — ?! b s b *P 4* 2 0 2 it — . M *P 4b ># 
2 0 4 #t $1 ; M & _L 5. 4* 2 0 6 & ffl fa ffl ® 2 0.8 »T * H 4b ^ 
#t * A • t ' i. 1, * 2 0 6 4l jf. & «j £ 1 5 0 0 $J 1 6 0 0 £ ¥j $t 

m ° 

' £. it # : M J# #2 0 9 _L ^ m /£ - % - *fc * 
2 10 ' it*/^W«i**j:209.4LW4i$RR - * "jf «fe t - ^ 

- *g, & ># 2 1 0 a & # & 4b # Hi ■ *i >ft * C C V D ) & #r fl£ j& 4l 
mz%z?3i m (BPSG) > J. * if- & ^7 0 0 0 5-J 8 0 0 0 tfj %% m ° 

•# t * ' • ft #- m % 2 b n • m % - m> m. % 2 1 0 1? m - ® 

*fc 3P| ' 4?-J ^ .ff «fe 4b # & M **f ^ ( CMP ) > i£ a ffl m. _L 

1. >§ 2 0 6 4t £ *f it £ ' W^t^^M#2094L W % ■ T «P ^ g 

- Ig, Jfc ^ 2 l 1 > ^-^-^^^,6 60 0 ^ » ' # ^ • -j5e.M«I##209 
: %l ' 4& @ 6tr f - <g, 2 1 0 _L # m ^ - % IS >f 2 .1 2 - ^ 

* #J t ' £ — ># 2 1 2 a # * 4b # H 4i ^ ift (CVD 
) M m va Zj &. ty -m. H ( TEOS ) ft & |l 4b & # • 

' ^ — Ig, ># 2 1, 2 ^ M- & & 4 0 0 0 $>] 5 0 0 0 ^ |£ ffl . nn #i 
te#£-,!£#J&4500*fc - jtb it ' $ - it # — *B .^l ># 2 1 0 -212 
^ -I ^ >| 4h f ^ ( interlayer dielectric, ILD) » ^ 

Ig, >§ 2 1 0 *a isj - 
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# '4- ' J£ — afc ># 2 1 2 _L 3" 2fe a - * Ri- >§ 2 1 6 ^ 4* & 

a* £ A aa n m ° & f in t '^^^7fcia^2i64L 

■ifr • ^ it # 44 *t ^ J£ — *S & J- 2 1 2 Jl >T & >x ft - £ IKJ & 
6 0 0 t #h f 2 14 a ^ -I - ^ ^ ^ ( hard mask 

) • 4l & • * *fc - s £° «fc « ^ ■ ■ « ^ & ia\§ 216 t ^ ^ 
?! #L J$ o 2 1 7 -219 - 221ffn.#ifJ^.^-?-^>f214 ° t ' ffl 
a 2 1 7 #. 4£ ^ f& -It ?'J & 3 0 # ffl 4£ £r #2 0 9 4L W 6tr ^ — *g. & 
tf211JL>$-J-£-3t&#J-£.15 5'0fU 7-0 0 #j fe, IH ; M a 2 1 9 #. 
4£ ^ ^ it € sg- H 40 ffij m. & #2 0 9 _t 2r JL £ 3t £. #j -fc 1 5 5 0 
I'J 1 6 8 0 ±£ -fit #1 ® ; M a 2 2 1 ik 4£ ^ ^ if % Sg- H. 4 0 #j W ^ M 
^2 0 9-.^ ^ - IB m. M 21 1 _L * 3- % % & m £1550 Ml 700 

m & %i m • 

T #. ' tf #- m % 2 c SI ' # * Ifl # .4b ^ it: IS- # 2 1 6 # 
■ £ J. jfc , «JfrfflnB|*217 -219 *221##J.*5*,jp.*.,f . 
2 1 4 t ° 41. & . l£ II % 4b ^ & ia Jk 2 1 6 ° & g > a JL # M 
ai|^^^.^ 1 f.^^214^^f.^- ' Ji a ffl ^ _L ■£ fit 2 0 6 > 
ffl ^WRKS208 -iL4t^200^^#fjL>f • 4& ^ 4k M % ~ 
# 2 1 2 it £ - i& ifc ^ 2 1 0 • -ft- ?>J H 3 0 ^ ^ 4ii it ^ 

«5 f ( C B .) 2 2 3 flo. % dj ^ ^ 2 0 0 A ffl ^ .W l 1 ^: ^ 2 0 8 * ffi > -X 

m ^ & n it % s& m 4 o ^ ^ ^ 4& # m f ( c s ) 2 2 7 a : w * « 

®-(C G ) 225fln^-J5'Jftifc^.^200^.»AWfeJi31.>f 208 « 

# T ' tf #- as ^ 2 d S'J 2 e ffl » it ft ^ % m M M 

«5 ' £. ^ 2 d ffl t ' H * f ^ Sl ^ & m ' #'J 4b £ a 3l ft 
>ir (CVD ) ' > ^ ^ ^>2 14 ^:©i^4lL7L#^W223 > ^ 
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5- - &*Bf£W (7) 
M. m t 2 2 7 



it f?1 « 4£ 65 | 225 ^ ® )'l 1 -i± ^ j& — 



& 4b >f 2 2 8 • itb 4 5 ^J|H4b#228- i F**L4bik0f4fc & > & 
5. £ 8 0 I-J 2 0 0 3£ # £ IS ' ffo*£4£#i/f-£#JAlbO^.» 

& ' ft #---. fl A # 2e ® > ft * IE # -fc *£ « *J . » ' #'J *» it. 
$fc £'J (reactive ion etching,. RIE) » ji ?H ffl. B C 1 - 



a A M ± M H 4b . 2 2 8 rfij ^ 
f 2 2 7 - ^ ffl & # «3 f 2 25 



* ^ *»J ffl CH 3 F > 0 2 - CO ft ^ 
IL 4b £fc Jfc ft 4b ^ * # ^ m 



Cl 2 * HBr * JIN 2 ft % U U H If 

#J 4iL it # £5 f 2 2 3 ^ 4t 4£ # 
■#J ® % & 4£ ti Pal P£ ;^ 2 2 9 • 
# T *. ' tf #2f ffl 

t f W a it *t «fe $J a /f af 

& iij it # tb > s itb m & n -fb & m # $ ^ 4& ti w f£ s ' • 

229 ft M, ^ ± M ' 4k m t4\ mm m f 2 2 5 T ^ ^ ^ SL -fb ^ #r 

# ffl 4£ -L S. >f 20 8 ' ffi) I til IT ffl'#«205 <k Jk *P 
4b M 2 0 4 • a £ /£ ffl ^ *f t 2 2 5 4l J&L 4t ° 

^. * 3& iH t ' *^^*WBRS229-=r^^ £! ffl & & 
85f225T3"i£iii6*jffl*£-L&>i206#§ffl • '4$ ti 4£ ^ 4£ tl & 

# JS3 f 2 2 3 ^ f?1 _L S. # 2 0 6 Bl ffl =fe H Ft ® 2 0 8 > IS itb & t 
^ 4£ it & & « f 2 2 3 A * . # «3 t 2 2 7 + H ^ ^ ^ I®. ^ a 
#t ^ ^ . 4L ffl ' f ^ * fifr- & 6 itb -4 t • >i * ^ ^ 

1^ H -fb ^ ^ ^ fa ti Pel RR ^ 2 2 9 ' $flq^#«M13L:fc£ PEL ^ 
itb • ft & & It & m U it # tb 4L # # t it 

ffl. ^ % - 

ft #- as % 2g ffl . ife ;5fr 4fc # « RK ^ 2 2 9 -fr #s ^ 4iL 
2 2 3 > Wfe^«S225 * &. W # 



^2- 4& 



it SfL #■ ^ a 



f 227 




i 



I 
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/fc flS * 

# & m m. # 

I'J >^ -s-' 

■ *j £ 8 0 °C 
*)--M~8" : 1 
^ & 
^ — -f£ tiL 
^ _L JtL M M 
*b ife 4f It 
Ff- ^ fl ft 

f # % #f 

# ^ ^ # 

^ ir m * 

s£ $ 4^ 
ifc £ % m 

# a #l W* 4l 



(critical dimension, CD) • filr & $A jfc 1& 
(contact plug) 1ft • * ^ ^ W 5fVf 229 ° 
& *L <fb ^ £ ^n. St. A ift ft 4b ml & ( SP M ) t 

fcb ft £ 5 0 : 1 ••4fc^f**Jt -ft t fflSPM ft % ik 
®r li ft l*S229«igtit^Jl-SL* H 4b ^ #r 4* /£ 
>§ 2 0 6 A ffl m W P& ^ 2 0 8 ° itb >4 ' SPM «. ft & 
$'J 1 2 0 °C tfj fe, IS ' J-#LSt&i&*L4bfi.*Lft**fct 



M ft: 



m lib 



51 4 



■7C & 



• * 



13 ^ 



f itb 



•IS 
'Sit 

it 

41 



Kl IS #f £ 



£ ^ to 7t ,ii # «3 % m it % 

^ Bp . i f Ao f ^ % 

it m f| -fb # f 
j& _L i4 JP- * ^ ' 
^ ^ 7G #■ ^ 
SPM & %L % ^ 

m x ir 0 

^ ft *o ' ^ * ii # ffl i^x 

M ' ^E. ^ %% %. % W m 

., a itb ^ # ^ ^ ti ii m 
# m ° 



a itb • »r n 

W i£ 





if 

Mm 
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% 1 a f] 1 d ffi #- * ^ £ # & # & I £ 'It- It £ ^ « f ^ 3" 
* ® I 1 ° - 

g 2 a 5'J 2 g ffl I* 7F 4 ^ # #J ^#^|tflUx^r 

^'J fi 7F t 1 ° 

[ # 3fc t& 93 ] 

1 £° 

i o - <& <it p# & ; 

ioo~ & ; 
■ 1 0 4- ivi ; 
l o 6 - m -b jfc >f ; 

10 8- w m m I* ^ ; . 
l o 9 - ivi £M* ; 

1 1 o ~ #§, & >t ; 

1 1 4 > 1 2 8 - & IS- # ; 

1.1 7 > 1 1 9 - 1 2 1 - ffi a ; 

. 1 2 3- fa ft & # m t ; .*'■■•' 

1 2-5- w f ; 

3 o - *& -it f+ ?>j d. ; 
40~^it'f5§-[ft ; 
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